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1
MANUFACTURING METHOD OF FORMING
AN ETCH-BACK TYPE SEMICONDUCTOR
PACKAGE WITH LOCKING ANCHORAGES

This application is a Divisional of U.S. patent application
Ser. No. 13/097,033, filed Apr. 28, 2011 and entitled “ETCH-
BACK TYPE SEMICONDUCTOR PACKAGE, SUB-
STRATE AND  MANUFACTURING METHOD
THEREOEF”, now allowed. The prior application Ser. No.
13/097,033 claims the benefit of U.S. provisional application
Ser. No. 61/328,687, filed Apr. 28, 2010, the subject matter of
which is incorporated herein by reference.

BACKGROUND

1. Technical Field

This invention relates in general to a package, substrate and
manufacturing method thereof, and more particularly to a
semiconductor package, substrate and manufacturing method

2. Description of the Related Art

Along with the advance of electrical industry, the demand
for semiconductor packaging technology is booming. Gener-
ally speaking, electronic package consists of a silicon chip
attached to the leadframe, uses encapsulating adhesive to seal
the leadframe and the substrate to avoid moisture or damage
caused by collision. The silicon chip has electrical connection
through the bond pad of the leadframe to allow electrical
connection with printed circuit board.

However, the leadframe with heavy weight and high vol-
ume is against the trend to promote light, thin, short and small
electronic products.

SUMMARY

This invention relates in general to a substrate, its manu-
facturing method thereof and a semiconductor package. The
substrate and the semiconductor package have external elec-
trical connection through electrical points, so that the sub-
strate and the semiconductor package are thinner, which
keeps in step with the trend to promote light, thin, short and
small electrical products.

According to the first aspect of the present invention, a
substrate is provided. The substrate comprises a conductive
carrier, a first metal layer and the second metal layer. The first
metal layer is formed on the conductive carrier, wherein the
first metal layer comprises an lead pad, and the lead pad has a
first upper surface. The second metal layer is formed on the
first metal layer, wherein the second metal layer comprises a
bond pad, the bond pad overlaps and in contact with the first
upper surface of the first metal layer, and the first upper
surface of the lead pad is partially exposed. Wherein, a part of
the bond pad overhang outward from an edge of the lead pad.

According to the second aspect of the present invention, a
semiconductor package is provided. The semiconductor
package comprises of a first metal layer, a second metal layer,
a semiconductor die and an encapsulation layer. The first
metal layer is formed on the conductive carrier, wherein the
first metal layer comprises an lead pad, and the lead pad has a
firstupper surface and a first lower surface opposite to the first
upper surface. The second metal layer is formed on the first
metal layer, wherein the second metal layer comprises a bond
pad, the bond pad overlaps and in contact with the first upper
surface of the first metal layer, the first upper surface of the
lead pad is partially exposed, and a part of the bond pad
overhang outward from an edge of the lead pad. The semi-
conductor die is electrically connected to the bond pad via a
plurality of first connection elements. The encapsulation
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layer encapsulates the first metal layer, the second metal layer
and the semiconductor die, wherein the first lower surface of
the first metal layer is exposed.

According to the third aspect of the present invention, a
manufacturing method of substrate is provided. The manu-
facturing method comprises the following steps. A conduc-
tive carrier is provided. A first photo-resist layer is formed on
the conductive carrier. An lead pad opening is formed on the
first photo-resist layer to expose the conductive carrier. A first
metal layer is formed, wherein the first metal layer comprises
an lead pad, the lead pad is formed in the lead pad opening of
the first photo-resist layer and has a first upper surface. A
second photo-resist layer is formed on the first photo-resist
layer. A bond pad opening is formed on the second photo-
resist layer to expose the first upper surface of the lead pad. A
second metal layer is formed, wherein the second metal layer
comprises a bond pad, the bond pad is formed in the bond pad
opening of the second photo-resist layer and has a second
upper surface, and the bond pad overlaps and in contact with
the first upper surface of the lead pad. The first and second
photo-resist layers are removed, wherein the first upper sur-
face ofthe lead pad is partially exposed and a part of the bond
pad overhang outward from an edge of the lead pad.

According to the fourth aspect of the present invention, a
manufacturing method of semiconductor package is pro-
vided. The manufacturing method comprises the following
steps. A conductive carrier is provided. A first photo-resist
layer is formed on the conductive carrier. An lead pad opening
is formed on the first photo-resist layer to expose the conduc-
tive carrier. A first metal layer is formed, wherein the first
metal layer comprises an lead pad and a die-attach pad, the
lead pad is formed in the lead pad opening of the first photo-
resist layer and has a first upper surface and a second upper
surface opposite the first upper surface, the die-attach pad is
formed in the die-attach pad opening and has a first upper
surface. A second photo-resist layer is formed on the first
photo-resist layer. A bond pad opening is formed on the
second photo-resist layer to expose the first upper surface of
the lead pad and the first upper surface of the die-attach pad.
A second metal layer is formed, wherein the second metal
layer comprises a bond pad, the bond pad is formed in the
bond pad opening of the second photo-resist layer and has a
second upper surface, and the bond pad overlaps and in con-
tact with the first upper surface of the lead pad. The first and
second photo-resist layers are removed, wherein the first
upper surface of the lead pad is partially exposed and a part of
the bond pad overhang outward from an edge of the lead pad.
A semiconductor die is disposed on the die-attach pad. The
bond pad and the semiconductor die are electrically con-
nected via a plurality of first connection elements. An encap-
sulation layer is formed to encapsulate the first metal layer,
the second metal layer and the semiconductor die. The con-
ductive carrier is removed, wherein the first lower surface of
the lead pad is exposed.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional view of a semiconductor
package according to an embodiment of the invention;

FIG. 2 shows a top view of the lead pad and the bond pad
according to FIG. 1;

FIG. 3 shows a top view of the lead pad and the bond pad of
another embodiment;
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FIG. 4 shows a top view of the lead pad and the bond pad of
another embodiment;

FIG. 5 shows a cross-sectional view of the lead pad and the
bond pad of another embodiment;

FIG. 6 shows a top view of the die-attach pad and the
die-attach barrier in FIG. 1;

FIG. 7A shows a top view of the substrate in FIG. 1;

FIG. 7B shows the cross-sectional view of FIG. 7A along
the direction of 7B-7B'

FIG. 8 shows a cross-sectional view of the semiconductor
package of an embodiment of the invention;

FIG. 9 shows at least one solder ball formed on the semi-
conductor package;

FIGS. 10A-101 show the processes of manufacturing the
substrate of FIG. 1;

FIG. 11 shows the cross-sectional view of the semiconduc-
tor structure depicted in FIG. 101 after the conductive carrier
is removed;

FIG. 12 show the top view of a substrate of another
embodiment.

DETAILED DESCRIPTION

Referring to FIG. 1, a cross-sectional view of a substrate
according to an embodiment of the invention is shown. The
substrate 110 comprises a conductive carrier 110, a first metal
layer 120, a second metal layer 130, a first surface finishing
layer 140 and a second surface finishing layer 150.

The first metal layer 120 and the second metal layer 130
may be selected from the group comprising of Cu, Ni or
combinations thereof. The first metal layer 120 is formed on
the surface 110u of the conductive carrier 110, the first metal
layer forms at least one lead pad 121 and at least one die-
attach pad 122, and the lead pad 121 has the first upper surface
121w and the first lower surface 1215.

The second metal layer 130 is formed on the first metal
layer 120. The second metal layer 130 forms at least one bond
pad 131 and at least one die-attach barrier 132. The bond pad
131 overlaps and in connection with the first upper surface
121u of the lead pad, and part of the first upper surface 121
is exposed, that is, the exposed part is not cover by the second
metal layer 130.

Referring to FIG. 1, the first metal layer 120 and the second
metal layer 130 form a leadframe structure, and the conduc-
tive carrier 110 carries the leadframe structure. Wherein the
lead pad 121 is an external lead and the bond pad 131 is an
internal lead. Through the external and internal lead in the
leadframe structure, the semiconductor device (such as the
semiconductor die 160 according to FIG. 8) is electrically
connected to the external electrical circuits. In addition, the
leadframe structure may be a very thin electroplated struc-
ture, which reduces the thickness of the substrate 100 and the
semiconductor package formed thereof.

The first surface finishing layer 140 and the second surface
finishing layer 150 may comprise of a single layer or multiple
layers. The first surface finishing layer 150 is formed on the
second upper surface of the second metal layer 130 (such as
the second upper surface 131« of the bond pad 131 and the
second upper surface 132« of the die-attach barrier 132). The
first surface finishing layer 140 and the second surface fin-
ishing layer 150 is selected from the group consisting of Au,
Pd, Ni, Cu, Sn, Ag and combinations thereof.

Referring to FIG. 2, a top view of the lead pad and the bond
pad according to FIG. 1 is shown. Preferably but not limited,
the area of the second upper surface 131« of the bond pad 121
is smaller than the area of the first upper surface 121w of the
lead pad. This helps to reduce the amount of precious metals
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(such as Au) used on the second finishing layer. It also
exposes more upper surface area of the lead pad 121 for better
adhesion after forming the semiconductor package (FIG. 8).

Referring to FIG. 2, the center 121¢ of the lead pad 121 is
offset a first distance D1 from the center 131c¢ of the corre-
sponding bond pad 131. In addition, the center 121c¢ is the
geometric centre of the first upper surface 121« of the lead
pad 121, and the center 131¢ is the geometric centre of the
second upper surface 131w of the lead pad 131. The first metal
layer 120 and the second metal layer 130 form at least one a
step feature so that the adhesion between the encapsulation
layer 170, the first metal layer 120 and the second metal layer
130 is improved.

Referring to FIG. 3, atop view of the lead pad and the bond
pad of another embodiment is shown. The edge 42151 of the
lead pad 421 faces towards the die-attach pad. Preferably but
not limited, the area of the second upper surface 431u of the
bond pad 431 is smaller than the area of the second upper
surface 421u of the bond pad 421. The center 421¢ of the lead
pad 421 is offset a first distance D1 from the center 431¢ of the
corresponding bond pad 431. Preferably but not limited to,
the center 431¢ of the bond pad 431 coincides with that of the
corresponding lead pad 421 such that the bond pad 431 is
firmly disposed on the lead pad 421

Referring to FIG. 4, a top view of the lead pad and the bond
pad of another embodiment is shown. The center 221¢ of the
lead pad 221 substantially coincides with the center 231¢ of
the corresponding bond pad 231. Under this situation, the two
edges of the bond pad 231 protrude from the corresponding
two edges 22151 and 22152 of the lead pad 221.

The locking anchorage 131a (shown in FIG. 1) of the bond
pad 131 overhangs outward from the edge 12151 of the lead
pad 121, wherein the edge 121s1 is facing towards the die-
attach pad 122, in other embodiments, the bond pad may
overhang outward from other edge of the lead pad. The fol-
lowing description is made with reference to FIG. 5.

Referring to FIG. 5, a cross-sectional view of the lead pad
and the bond pad of another embodiment is shown. The bond
pad 131 overhangs outward from the edge 12152 of the lead
pad 121, wherein the edge 121s2 is opposite to the edge
121s51. According to this embodiment, the edge 12152 and the
edge 12151 are two opposite edges of the bond pad 131.

Referring to FIG. 6, a top view of the die-attach pad and the
die-attach barrier in FIG. 1 is shown. The die-attach pad 122
has a first upper surface 122u. The die-attach barrier 132 of
the second metal layer 130 surrounds the die-attach pad 122.
The die-attach barrier 132 is formed along the peripheral of
the die-attach pad 122 and has a second upper surface 132u.
Wherein, the peripheral of the die-attach pad 122 is covered
by the die-attach barrier 132, and part of the first upper surface
1224 of the die-attach pad 122 is exposed. Preferably but not
limited, the area of the second upper surface 132u of the
die-attach barrier 132 is smaller than the area of the first upper
surface 122u of the die-attach pad 122 to reduce amount of
precious metals (such as Au) used on the second surface
finishing layer and exposes more upper surface area of the
external pad for better adhesion after forming the semicon-
ductor package (FIG. 8).

The locking anchorage 132a (shown in FIG. 1) of the
die-attach barrier 132 overhangs outward from the edge 122s
of'the die-attach pad 122. Part of the die-attach barrier extends
beyond the edges of the die-attach pad to create a locking
anchorage for the barrier/die-attach pad structure within the
semiconductor package (FIG. 8) to prevent the structure from
dropping out and improve package reliability. Preferably but
not limited, the length of the locking anchorage is between 10
um to 80 um. In addition, the center 122¢ of the die-attach pad
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122 is offset a second distance D2 from the corresponding
extended axis of the die-attach barrier 132 wherein the center
122¢ is the geometric center of the die-attach pad 122.

The first upper surface of the first metal layer is exposed to
form a die disposing surface. Furthermore, the die-attach
barrier 132 defines at least one cavity 1327. The cavity 1327
exposes the first upper surface 122« of the die-attach pad 122.
Preferably but not limited, the die-attach barrier 132 is a
ground ring which defines the cavity 1327; or, in another
embodiment, the die-attach barrier 132 comprises of several
blocks, and these blocks are positioned separately around the
die-attach pad to form the cavity 1327, or these blocks are
connected together to form the cavity 132~

Referring to FIGS. 7A and 7B, a top view of the substrate
in FIG. 1 is shown in FIG. 7A, and the cross-sectional view of
FIG. 7A along the direction of 7B-7B' is shown in FIG. 7B.
The conductive carrier 110 comprises a cavity 1107 formed
along a peripheral of the conductive carrier 110. In one
embodiment, the cavity 1107 may be omitted.

Referring to FIG. 8, a cross-sectional view of the semicon-
ductor package of an embodiment of the invention is shown.
The semiconductor package 100' comprises a first metal layer
120, a second metal layer 130, a first surface finishing layer
140, a second surface finishing layer 150, a semiconductor die
160 and an encapsulation layer 170. The first metal layer 120
forms at least an lead pad 121 and at least a die-attach pad 122.
Correspondingly, the second metal layer 130 forms a bond
pad 131 onthe lead pad 121 and a die-attach barrier 132 on the
die-attach pad 122.

When there are two or more semiconductor dies 160, the
number of the die-attach pads 122 may be the same as the
semiconductor dies 160. Or, more semiconductor dies 160
may be positioned on a single die-attach pad 122.

The semiconductor die 160 is positioned within the cavity
1327 and adhered to the first upper surface 122« of the die-
attach pad 122 by an adhesive 180, wherein adhesive 180 is
constrained within the cavity 1327 by the die-attach barrier
132. Because of the design of the die-attach barrier 132, the
adhesive 180 will not spill over to the neighboring semicon-
ductor die or out of the die-attach pad which can affect reli-
ability. Preferably but not limited, the adhesive 180 herein is
die-attach epoxy or film.

The semiconductor die 160 is electrically connected to the
bond pad 131 through at least one first connection element
161. Preferably but not limited, the first connection element
161 is gold wire, and the first connection element 161 con-
nects the semiconductor die 160 to the second surface finish-
ing layer 150, for electrically connections between the semi-
conductor die 160 and the bond pad 131.

Although not shown in FIG. 8, in other embodiments, at
least one second connection element may connect the semi-
conductor die 160 to the die-attach barrier 132 for electrically
grounding purposes. Preferably but not limited, the second
connection element is gold wire.

The encapsulation layer 170 comprises of novolac-based
resin, epoxy-based resin and silicone-based resin and any
encapsulation material. The encapsulation layer 170 may also
comprises of suitable filling agent, such as powder silicon
dioxide. In this embodiment, the encapsulation layer 170 is
preferably (but not limited) molding compound. The encap-
sulation layer 170 encapsulates the first metal layer 120, the
second metal layer 130 and the semiconductor die 160,
wherein the first surface finishing layer 140 is exposed from
the encapsulation layer 170. In other embodiment, the semi-
conductor package 100' may omit the first surface finishing
layer 140. Under this situation, the first lower surface 1215 of
the lead pad 121 and the second lower surface 1225 of the
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die-attach pad 122 are exposed from the encapsulation layer
170. Regardless whether the first surface finishing layer 140
or the first metal layer 120 is exposed, the semiconductor
package 100 can be subsequently attached to external circuit
board via the lead pad 1215 and the die-attach pad 122 for
electrical connection and heat dissipation. Furthermore, sol-
der ball may be attached to the lead pad 121.

Referring to FIG. 9, at least one solder ball formed on the
semiconductor package is shown. The semiconductor pack-
age shown in FIG. 9 comprises at least one solder ball 193
formed on the lead pad 121 or the first surface finishing layer
140. The semiconductor package shown in FIG. 9 is disposed
on the external circuit through the solder balls 193.

The encapsulation layer 170 has at least a connection part
170a, and it is positioned between the die-attach pad 122 and
the lead pad 121. Because the locking anchorage 131a of the
bond pad 131 overhangs outward from the edge of the lead
pad 121, the locking anchorage 131a is positioned on the
connection part 170a, the bond pad 131 is more securely
positioned on the lead pad 121. Furthermore the locking
anchorage 131a of the bond pad 131 is rigidly anchored
within the insulation layer 170 such that the bond pad/lead
pad structure will not drop out easily and gives better reliabil-
ity. Similarly, because the locking anchorage 132a of die-
attach barrier 132 overhangs outward from the edge of the
die-attach pad 122, the locking anchorage 1324 is positioned
onthe connection part 170q, the die-attach barrier 132 is more
securely positioned on the die-attach pad 122. Furthermore
the locking anchorage 132a of the die-attach barrier 132 is
rigidly anchored within the insulation layer 170 such that the
die-attach barrier/die-attach pad structure will not drop out
easily and gives better reliability.

The following paragraphs describe a method of forming
the substrate depicted in FIG. 1. The processes of manufac-
turing the substrate of FIG. 1 are shown in FIGS. 10A-10I.

As shown in FIG. 10A, a conductive carrier 110 is pro-
vided. The conductive carrier 110 comprises an upper surface
110# and may be made of a single layer or multiple layers. For
multiple layers, the conductive carrier 110 comprises an inner
layer and an outer clad layer. Preferably but not limited, the
inner layer is steel having a coefficient of thermal expansion
(CTE) between 10 to 15 ppny/° C. and the outer clad layer is
copper. Compared to copper, the thermal expansion coeffi-
cient (CTE) of steel is closer to or matches the CTE of the
molding compound used to form the subsequent encapsula-
tion layer such that the warpage of the substrate during the
manufacturing of the semiconductor package 100' is signifi-
cantly reduced. This enables full block array layout to be
formed with large frame size to increase unit density as per
FIG. 7A and reduce cost significantly. The copper clad layer
allows the conductive carrier to be processed as per full cop-
per or copper-alloy carrier to form the substrate.

In addition, the conductive carrier 110 defines an array of
substrate unit region 1004, the cavity 1107 surrounds a sub-
strate unit region 100a or a plurality of substrate unit regions
100a. To illustrate the features of the structure more clearly,
the structure of single substrate unit region 100a is shown in
10C to 101

A first photo-resist layer 190 is formed on the upper surface
110u of the conductive carrier 110, preferably by lamination,
screen-printing or spin-coating process.

As shown in FIG. 10B, at least one lead pad opening 190a
is formed on the first photo-resisting layer 190 to expose the
upper surface 110« of the conductive carrier 110, preferably
by photolithography.

At least one die-attach pad opening 1905 is formed on the
first photo-resisting layer 190. Preferably but not limited, the
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lead pad opening 190q and the die-attach pad opening 1905
are formed simultaneously during the same process.

As shown in FIG. 10C, a first surface finishing layer 140 is
formed in the lead pad opening 190« and the die-attach pad
opening 1905 of the first photo-resist layer 190 on the upper
surface 110u of the conductive carrier 110, preferably by
electrolytic plating. In other embodiments, the first surface
finishing layer 140 may be omitted; or the first surface fin-
ishing layer 140 may be formed after the substrate 110 has
been removed (Please refer to the contents in FIG. 12).

As shown in FIG. 10C, a first metal layer 120 is subse-
quently formed in the lead pad opening 190a and the die-
attach pad opening 1905 of the first photo-resist layer 190 on
the upper surface of the first surface finishing layer 140,
preferably by electrolytic plating. In another embodiment
when the first surface finishing layer 140 may be omitted, the
first metal layer 120 is formed directly on the upper surface
110x on the conductive carrier 110.

The first metal layer 120 forms at least one lead pad 121
and die-attach pad 122. The lead pad 121, having a first upper
surface 121w, is formed in the lead pad opening 190a on the
first photo-resisting layer. The die-attach pad 122, having a
first upper surface 122u, is formed in the die-attach opening
190a on the first photo-resisting layer 190.

As shown in FIG. 10D, a second photo-resist layer 191 is
formed on the first photo-resist layer 190, preferably by lami-
nation, screen-printing or spin-coating process.

As shown in FIG. 10D, at least one bond pad opening 191«
is formed on the second photo-resisting layer 191, preferably
by photolithography to expose preferably part of the first
upper surface 121« of the lead pad 121 and part of the first
upper surface 122w of the die-attach pad 122 in the bond pad
opening 191a. In addition, a part 190¢ of the first photo-resist
layer 190 is exposed from the opening 191a.

The bond pad opening 191 a exposes preferably part of the
firstupper surface 121w ofthe lead pad 121 and part of the first
upper surface 122« of the die-attach pad 122, such that the
bond pad 131 and the die-attach barrier 132 is formed on the
exposed lead pad 121 and the exposed die-attach pad 122. In
addition, since the second photo-resist layer 191 does not
cover the part 190c¢ of the first photo-resist layer 190, the
locking anchorage 131a and 132a (shown in FIG. 10E) are
allowed to form without being confined by the first photo-
resist layer 190 and overhang outward from the edge 12151 of
the lead pad 121 and the edge 1225 of the die-attach pad 122
respectively to form on the part 190c¢. In one embodiment, the
second photo-resist layer 191 may cover a part (for example,
the middle portion of the part 190c or other portion except the
part 190¢) of the part 190¢ of the first photo-resist layer 190.
Furthermore the size and location of the bond pad opening
191a determine the design of the bond pad 131 and the die-
attach barrier 132 as well as the directions of the locking
anchorage 131a and 132a.

The second photo-resist layer 191 covers a part of the lead
pad 121, such that the area of the second upper surface 131u
of'the bond pad 131 is smaller than the area of the first upper
surface 121u of the lead pad 121.

The center of the lead pad opening 190« of the first photo-
resist layer 190 is offset a third distance D3 from the center of
the bond pad opening 191a of the second photo-resist layer
191. The center of the die-attach pad opening 1905 of the first
photo-resist layer 190 is offset a third distance D4 from the
center of the bond pad opening 191a of the second photo-
resist layer 191.

In addition, part 191¢ of the second photo-resist layer 191
may correspond to the center area of the die-attach pad 122
thus enabling the die-attach barrier 132 to form around the
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die-attach pad such that its geometric center may substan-
tially coincide with the center 122¢ of the die-attach pad 122
(center 122¢ is in FIG. 6).

As shown in FIG. 10E, a second metal layer 130 is formed,
preferably by electrolytic plating. The second metal layer 130
forms at least one bond pad 131 and at least one die-attach
barrier 132.

The bond pad 131 and the die-attach barrier 132 are formed
on the lead pad 121 and the die-attach pad 122 respectively.
The bond pad 131, having a second upper surface 131w, is
formed in the bond pad opening 191 a of the second photo-
resist layer 191. The bond pad 131 overlaps and in contact
with the first upper surface 121u of the lead pad 121 as
exposed in the bond pad opening 191a of the second photo-
resist layer 191, wherein the area of the second upper surface
1314 of the bond pad 131 is smaller than the area of the first
upper surface 121« of the lead pad 121.

The die-attach barrier 132 is formed in the bond pad open-
ing 191a of the second photo-resist layer 191 and is posi-
tioned surrounding the die-attach pad 122. The die-attach
barrier has a second upper surface 132w, wherein the area of
the second upper surface 132« is smaller than the area of the
area of the first upper surface 122« of the die-attach pad 122.
The die-attach barrier 132 defines the die-attach cavity 1327
from which the first upper surface 122« of the die-attach pad
122 is exposed.

After the bond pad 131 is formed, the center 121¢ of the
lead pad 121 is offset a first distance D1 from the center 131c¢
of'the bond pad 131 (first distance D1 is illustrated in FIG. 2.).
Similarly, the center 122¢ of the die-attach pad 122 is offset a
second distance D2 from the extended axis 132¢ of the die-
attach barrier 132 (second distance D2 is illustrated in FIG. 1
and FIG. 6).

During the electrolytic plating, the second metal layer
extends beyond the edge of the lead pad 121 and the die-attach
barrier 132 in directions where the part 190¢ of the first
photo-resist layer 190 is exposed. Under such circumstance,
the locking anchorage 131a of the bond pad 131 overhangs
outward from the edge 121s1 of the lead pad 121, and the
locking anchorage 1324 of the die-attach barrier 132 over-
hangs outward from the edge 122s of the die-attach pad 121.

The size of the locking anchorage 1314 of the bond pad 131
is preferably between 10 um to 80 um. The size of the locking
anchorage 131a does not affect the removing of the first
photo-resist layer 190 and the second photo-resist layer 191.
That is, the first photo-resist layer 190 and the second photo-
resist layer 191 can be completely removed. Similarly, the
size of the locking anchorage 132a of the die-attach barrier
132 is between 10 um to 80 um. The size of the locking
anchorage 132a does not affect the removing of the first
photo-resist layer 190 and the second photo-resist layer 191.
That is, the first photo-resist layer 190 and the second photo-
resist layer 191 can be completely removed.

The locking anchorage 131a and 132a are not limited to
extend in a single direction. In another embodiment, the lock-
ing anchorage 131a and/or 132a may extend and overhang
outward on two edges or multiple edges for better anchoring
of'the structure. In addition, the design of'the locking anchor-
age 131a and 132a is not limited to the embodiments in the
invention.

Referring further to FIG. 10E, a second surface finishing
layer 150 is formed on the second metal layer 130, preferably
by electrolytic plating and covers the bond pad 131 and the
die-attach barrier 132. In other embodiments, the second
surface finishing layer 150 may be omitted or selective plat-
ing may be performed by means of a third photo-resist layer
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(not shown) to further reduce the area of the second surface
finishing layer formed on the second metal layer.

As shown in FIG. 10F, the first photo-resist layer 190 and
the second photo-resist layer 191 are removed by chemical
stripping to form the substrate 100 depicted in FIG. 1. After
the first photo-resist layer 190 and the second photo-resist
layer 191 are removed, part of the first upper surface 121u of
the lead pad 121 is exposed.

The following paragraphs describe a method of forming
the semiconductor package shown in FIG. 8. The descriptions
start after the semiconductor substrate is formed as shown in
FIG. 10F after the removal of the first photo-resist layer 190
and the second photo-resist layer 191.

As shown in FIG. 10G, at least one semiconductor die 160
is positioned on the die-attach pad 122, wherein the semicon-
ductor die 160 is positioned in the cavity 1327 and adhered to
the first upper surface 122« of the die-attach pad 122 by an
adhesive 180. The die-attach barrier contains the epoxy
within the defined cavity of the die-attach pad to prevent the
adhesive from seeping out onto unnecessary regions. Prefer-
ably but not limited, the adhesive 180 is thermally-cured after
adhering the semiconductor to the die-attach pad.

As shown in FIG. 10G, the semiconductor die 160 is elec-
trically connected to the bond pad 131 via first connection
element 161, preferably by wire-bonding. The first connec-
tion element 161 connects the semiconductor die 160 to the
second surface finishing layer 150 (or the bond pad 131 under
the circumstance where the second surface finishing layer is
omitted). Although not shown, the first connection element
may also connect the semiconductor die 160 to the die-attach
barrier 132.

As shown in FIG. 10H, the first metal layer 120, the second
metal layer 130 and the semiconductor die 160 are encapsu-
lated by an encapsulation layer 170. Furthermore, the encap-
sulation layer 170 also encapsulates the first connection ele-
ment 161, the adhesive 180, the first surface finishing layer
140, the second surface finishing layer 150 and the upper
surface 110« of the conductive carrier. Preferably, the encap-
sulation layer is formed by compression molding, injection
molding or transfer molding with molding compound.

Prior to forming the encapsulation layer, the exposed sur-
face of the first metal layer 120 may be chemically enhanced
with brown or black oxide treatment to improve the adhesion
with the molding compound for better reliability.

As shown in FIG. 101, the conductive carrier 110 is
removed, preferably by chemical etching, to expose the first
surface finishing layer 140 and the third lower surface 1705 of
the encapsulation layer 170. Under the circumstance where
the first surface finishing layer 140 is omitted, the first lower
surface 1215 of the lead pad 121 is exposed.

FIG. 11 shows the cross-sectional view of the semiconduc-
tor structure depicted in FIG. 101 after the conductive carrier
is removed. After the conductive carrier 110 is removed, the
protruding wall 172 is exposed. Wherein, the shape and the
position of the protruding wall 172 correspond to that of the
cavity 1107 of the conductive carrier 110. As such, the pro-
trusion wall 172 may be a continuous ring or several sepa-
rately positioned blocks. The protrusion wall 172 strengthens
the semiconductor structure for subsequent handling and pro-
cessing to prevent damage especially when the thickness is
less than 0.5 mm, thus enabling thin semiconductor package
to be formed.

In another embodiment, the protrusion wall may be form
on upper portion of the encapsulation layer. Through the
design of a slot in the top mold tool corresponding to the
protrusion wall, after the encapsulation layer is formed, the
protrusion wall is formed on upper portion of the encapsula-
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tion layer. Under this situation, the cavity 1107 on the con-
ductive carrier 110 may be omitted.

Subsequently solder ball 193 may be formed on the lead
pad 121 or the first surface finishing layer 140.

The semiconductor package 100" as shown in FIG. 8 or 9 is
subsequently formed after singulation using laser or
mechanical sawing. Moreover, solder balls may be attached
to the lead pad 121 before or after singulation. In singulation,
the protruding wall 172 of FIG. 11 is removed.

When using the conductive carrier with a cavity to form the
protrusion wall 172, the manufacturing method further com-
prises of forming at least one cavity 1107 in the conductive
carrier 110 as shown in FIG. 10A, preferably by photolithog-
raphy followed by chemical etching.

Referring to FIG. 12, the top view of a substrate of another
embodiment is shown. The first metal layer 120 on the con-
ductive carrier 110 comprises a connection frame 123. The
connection frame 123 connects all lead pad 121 and all die-
attach pad 122 together such that all lead pad 121 and all
die-attach pad 122 are electrically connected via the connec-
tion frame. By means of the connection frame, the first sur-
face finishing layer 130 may be formed by electrolytic plating
after the conductive carrier 110 has been removed. Specifi-
cally, since the lead pad 121 and the die-attach pad 122 are
electrically connected by the connection frame 123, if the
electrode (not illustrated) of the electrolytic plating device is
connected to the connection frame 123, electrical current will
be able to flow through and the finishing layer 140 may be
formed on the first lower surface 1215 of the lead pad 121
(FIG.10I) and on the first lower surface 12256 of the die-attach
pad 122 (FIG. 10]). In the subsequent sawing process, the
semiconductor package 100' is singulated according to the
edges of the substrate unit region 1004 to remove the connec-
tion frame 123 such that the lead pad 121 is electrically
isolated from one another as well as from the die-attach pad
122. In the embodiment, the edge of the lead pad 121 is
exposed on the side of the semiconductor package 100" after
the sawing process.

The above embodiments of the invention describe the
structure of the semiconductor package, substrate and the
method of forming thereof and their unique features are listed
below:

(1) The encapsulation layer has at least one connection
part, the bond pad and the die-attach barrier interlock with the
connection part such that the bond pad and the die-attach
barrier are positioned more stably.

(2). The bond pad and the lead pad, as well as the die-attach
barrier and the die-attach pad form locking anchorages that
helps to anchor the respective structures within the molding
compound to improve reliability by prevent the respective
structures from dropping out from the package.

(3). A step feature is formed between the bond pad and the
external lead to expose the upper surface of the external lead
and improve the adhesion of the structure to the molding
compound. The exposed surface may be further treated
chemically with brown or black oxide to enhance the adhe-
sion strength with the molding compound and improve reli-
ability.

(4). A cavity is defined by the die-attach barrier on the
die-attach pad for containing the adhesive when adhering a
semiconductor die to the die-attach pad. Due to the presence
of'the cavity, the adhesive will not seep out onto unnecessary
regions, hence improving reliability. Furthermore, the cavity
may also help to reduce the overall semiconductor package
thickness by placing the die lower than the bond pad/die-
attach barrier level.
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(5) The first metal layer and the second metal layer form a
leadframe structure; the leadframe structure may be a very
thin electrolytic plated layer that reduces the thickness of the
substrate and hence the semiconductor package.

(6) The encapsulation layer has least one protruding wall.
The protruding wall helps to reduce warpage and strengthen
the structure of the semiconductor package during the manu-
facturing, assembly and handling process. This enables thin
semiconductor packaging.

(7). The use of steel material as the conductive carrier
having compatible coefficient of thermal expansion (CTE)
with conventional molding compound minimizes warpage
during the manufacturing process by reducing CTE mismatch
and enables a full block array substrate unit layout to be
formed.

While the invention has been described and illustrated with
reference to specific embodiments thereof, these descriptions
and illustrations do not limit the invention. It should be under-
stood by those skilled in the art that various changes may be
made and equivalents may be substituted without departing
from the true spirit and scope of the invention as defined by
the appended claims. The illustrations may not necessarily be
drawn to scale. There may be distinctions between the artistic
renditions in the present disclosure and the actual apparatus
due to manufacturing processes and tolerances. There may be
other embodiments of the present invention which are not
specifically illustrated. The specification and the drawings are
to be regarded as illustrative rather than restrictive. Modifi-
cations may be made to adapt a particular situation, material,
composition of matter, method, or process to the objective,
spirit and scope of the invention. All such modifications are
intended to be within the scope of the claims appended hereto.
While the methods disclosed herein have been described with
reference to particular operations performed in a particular
order, it will be understood that these operations may be
combined, sub-divided, or re-ordered to form an equivalent
method without departing from the teachings of the invention.
Accordingly, unless specifically indicated herein, the order
and grouping of the operations are not limitations of the
invention.

What is claimed is:
1. A manufacturing method of forming a semiconductor
package, comprising:

providing a conductive carrier;

forming a first photo-resist layer on the conductive carrier;

forming at least a lead pad opening and at least a die-attach
pad opening on the first photo-resist layer to expose the
conductive carrier;

forming a lead pad having a first upper surface in the lead
pad opening and a die-attach pad having a first upper
surface in the die-attach opening;

forming a second photo-resist layer on the first photo-resist
layer, the lead pad and the die-attach pad;

forming a plurality of bond pad openings on the second
photo-resist layer to expose the first upper surface of the
lead pad and the first upper surface of the die-attach pad;

forming at least a bond pad having a second upper surface
and a die-attach barrier in the bond pad openings,
wherein the bond pad overlaps and is in contact with the
first upper surface of the lead pad, and the die-attach
barrier overlaps and is in contact with the first upper
surface of the die-attach pad; and

removing the first and second photo-resist layers, wherein
the first upper surface of the lead pad is partially exposed
and a part of the bond pad overhangs outward from an
edge of the lead pad, the first upper surface of the die-
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attach pad is partially exposed and a part of the die-
attach barrier overhangs outward from an edge of the
die-attach pad.

2. The manufacturing method according to claim 1,
wherein the center of the lead pad opening of the first photo-
resist layer is offset a third distance from the center of the
corresponding bond pad opening of the second photo-resist
layer.

3. The manufacturing method according to claim 1,
wherein at least one bond pad opening of the second photo-
resist layer simultaneously exposes a part of the first upper
surface of the lead pad and a part of the first upper surface of
the die-attach pad.

4. The manufacturing method according to claim 1,
wherein at least a bond pad opening exposes the periphery of
the die-attach pad, the die-attach barrier is formed in the bond
pad opening along a periphery of the die-attach pad, and after
the step of removing the first and second photo-resist layers,
a part of the die-attach barrier overhangs outward from the
periphery of the die-attach pad.

5. The manufacturing method according to claim 1,
wherein the center of the die-attach pad opening of the first
photo-resist layer is offset a fourth distance from the center of
the corresponding bond pad opening of the second photo-
resist layer.

6. The manufacturing method according to claim 4,
wherein the die-attach barrier defines a cavity from which the
first upper surface of the die-attach pad is partially exposed.

7. The manufacturing method according to claim 4,
wherein the die-attach barrier is a ground ring.

8. The manufacturing method according to claim 4,
wherein before the step of forming the first metal layer, the
method further comprises:

forming a first surface finishing layer in the lead pad open-

ing; and after the step of forming the second metal layer,
the method further comprises:

forming a second surface finishing layer on the second

metal layer.

9. The manufacturing method according to claim 8,
wherein the first and second surface finishing layers comprise
Au, Pd, Ni, Cu, Sn or Ag, and the first and second metal layers
comprise Cu or Ni.

10. The manufacturing method according to claim 1,
wherein the conductive carrier comprises a steel or copper
layer.

11. The manufacturing method according to claim 1,
wherein the step of forming the bond pad openings further
comprises exposing parts of the first photo-resist layer adja-
cent the lead pad and the die-attach pad in the bond pad
openings.

12. A manufacturing method of forming a semiconductor
package, comprising:

providing a conductive carrier;

forming a first photo-resist layer on the conductive carrier;

forming at least a lead pad opening and at least a die-attach

pad opening on the first photo-resist layer to expose the
conductive carrier;

forming a first metal layer, wherein the first metal layer

comprises an lead pad and a die-attach pad, the lead pad
is formed in the lead pad opening of the first photo-resist
layer and has a first upper surface and a first lower
surface opposite the first upper surface, and the die-
attach pad is formed in the die-attach pad opening and
has a first upper surface;

forming a second photo-resist layer on the first photo-resist

layer;



US 9,305,868 B2

13

forming at least a bond pad opening on the second photo-
resist layer to expose the first upper surface of the lead
ad;

forgning a second metal layer in the bond pad opening of

the second photo-resist layer, wherein the second metal
layer comprises a bond pad having a second upper sur-
face, and the bond pad overlaps and is in contact with the
first upper surface of the lead pad;

removing the first and second photo-resist layers, wherein

the first upper surface of the lead pad is partially exposed
and a part of the bond pad overhangs outward from an
edge of the lead pad;
disposing a semiconductor die on the die-attach pad;
electrically connecting the bond pad and the semiconduc-
tor die via a plurality of first connection elements;

forming an encapsulation layer to encapsulate the first
metal layer, the second metal layer and the semiconduc-
tor die; and

removing the conductive carrier to expose the first lower

surface of the lead pad.

13. The manufacturing method according to claim 12,
wherein the center of the lead pad opening of the first photo-
resist layer is offset a third distance from the center of the
corresponding bond pad opening of the second photo-resist
layer.

14. The manufacturing method according to claim 12,
wherein the area of the bond pad opening of the second
photo-resist layer is smaller than the area of the lead pad
opening of the first photo-resist layer.

15. The manufacturing method according to claim 12,
wherein at least a bond pad opening on the second photo-
resist layer further exposes the first upper surface of the
die-attach pad, the second metal layer further comprises a
die-attach barrier having a second upper surface, and the
die-attach barrier overlaps and is in contact with the first
upper surface.
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16. The manufacturing method according to claim 12,
wherein the center of the die-attach pad opening of the first
photo-resist layer is offset a fourth distance from the center of
the corresponding bond pad opening of the second photo-
resist layer.

17. The manufacturing method according to claim 15,
wherein after the step of removing the first and second photo-
resist layers, the die-attach barrier defines a cavity from
which the first upper surface of the die-attach pad is partially
exposed and the semiconductor die is disposed within the
cavity.

18. The manufacturing method according to claim 15,
wherein the semiconductor die is further connected electri-
cally to the die-attach barrier via a plurality of second con-
nection elements.

19. The manufacturing method according to claim 12,
wherein before the step of forming the first metal layer, the
method further comprises:

forming a first surface finishing layer in the lead pad open-

ing; and after the step of forming the second metal layer,
the method further comprises:

forming a second surface finishing layer on the second

metal layer.

20. The manufacturing method according to claim 19,
wherein the first and second surface finishing layers comprise
Au, Pd, Ni, Cu, Sn or Ag, and the first and second metal layers
comprise Cu or Ni.

21. The manufacturing method according to claim 12,
wherein the conductive carrier comprises a steel or copper
layer.

22. The manufacturing method according to claim 12,
wherein the step of forming the bond pad opening further
comprises exposing a part of the first photo-resist layer adja-
cent the lead pad in the bond pad opening.

#* #* #* #* #*



